INTRODUCTION {#sec1-1}
============

Neonatal cholestasis (NC) is defined as the prolonged elevation of serum levels of conjugated bilirubin beyond 2 weeks of life. Biliary atresia (BA) and idiopathic neonatal hepatitis (INH) are the two most common causes of NC. Early and accurate differentiation between these two entities is very important and determines the prognosis and curability of cholestasis. BA requires surgical intervention as soon as possible; whereas, INH needs medical management.\[[@ref1][@ref2][@ref3]\] BA is an inflammatory cholangiopathy of infancy that results in progressive fibrosis and obliteration of extrahepatic and intrahepatic bile ducts. The incidence of BA is higher in Asia and the Pacific region than in the rest of the world. The disease is diagnosed in approximately 5-6/100,000 live births in Europe and the United States, 10.6/100,000 in Japan and up to 32/100,000 in French Polynesia.\[[@ref4][@ref5]\] However, the precise aetiology of this disease remains largely unknown. Some factors that may contribute to its development are genetic, infective, inflammatory and even toxic insult. If untreated, affected children show progressive liver disease, with the development of portal hypertension and liver failure, invariably resulting in death within the first 2 years of life.\[[@ref6]\] Portoenterostomy (Kasai) that was described in the 1950s by the Japanese surgeon Morio Kasai remains the only form of therapy that can be offered to these patients besides liver transplant. However, its effectiveness is variable and probably depends on early diagnosis with prompt surgical intervention. Despite all efforts, BA remains the most common indication of liver transplant in young children.\[[@ref7][@ref8]\] Histopathologic examination of liver biopsy specimens represents a crucial element in the diagnostic evaluation of patients with suspected BA. Biliary obstructive features must be confirmed histologically and distinguished from various nonobstructive aetiologies of NC (i.e., neonatal hepatitis syndrome).\[[@ref9]\] Delay in diagnosis beyond 60-100 days of age may reduce longevity of the native liver and increase morbidity in infants with BA, although the ideal surgical timing remains controversial.\[[@ref10][@ref11][@ref12]\] Late diagnosis also worsens the outcomes in other conditions associated with NC, such as hypopituitarism, galactosaemia and tyrosinaemia.\[[@ref13][@ref14]\]

Increased production of type 1 collagen, leading to hepatic fibrosis by activated hepatic stellate cells (HSCs), has been shown in pathological conditions of the adult liver, including cholestasis. HSCs were transformed to myofibroblasts (activated HSCs), which produce increased levels of fibrillar collagen and express an intracellular microfilament protein, alpha-smooth muscle actin (α-SMA), during hepatic injury. Alpha-smooth muscle actin has traditionally been used as a marker protein of the activated HSC phenotype.\[[@ref15][@ref16][@ref17]\] Higher expression of anti-smooth muscle antibodies (ASMA) in BA liver was shown by Dong *et al*.\[[@ref18]\]

ASMA were initially detected in serum samples of patients with liver diseases by Johnson *et al*. in 1965.\[[@ref19]\] The presence of ASMA in patients with autoimmune liver disease was confirmed by Whittingham *et al*.\[[@ref20]\] The association between ASMA and anti-actin antibodies in autoimmune hepatitis (AIH) was established in 1973.\[[@ref21]\] ASMA can be detected using indirect immunofluorescence (IIF), fibroblasts, or HEp-2 cells. Immunometric methods have recently been developed, such as enzyme-linked immunosorbent assay and immunodot, as well as a new IIF method for detecting antibodies in filamentous actin.\[[@ref22]\] ASMA with other autoimmunity markers such as antinuclear antibodies and anti-soluble liver antigen/liver pancreas are now used by clinicians to help diagnose AIH.\[[@ref23]\]

In the previous studies, we showed relative accuracy of procalcitonin and Apo-E levels,\[[@ref24]\] triangular cord sign\[[@ref25]\] and ultrasound findings\[[@ref26]\] in diagnosing extrahepatic biliary atresia (EHBA) cases in our patients. In this study, we aimed to evaluate the diagnostic value of ASMA, gamma-glutamyl transpeptidase (GGT) and alkaline phosphatase (ALP) in differentiating EHBA from INH.

MATERIALS AND METHODS {#sec1-2}
=====================

All infants with jaundice at 2 weeks of age who were diagnosed with cholestasis and admitted to Gastroenterology ward, Children\'s Hospital of Tabriz University of Medical Sciences between April 2010 and 2012 were enrolled. Patients with renal or liver failure or any disorder that caused reduced production and clearance of acute phase proteins, hypoxia, shock, patients receiving antibiotics, anti-inflammatory drugs, or corticosteroids and patients receiving total parenteral nutrition were the exclusion criteria of our study. This protocol was approved by the Institutional Review Board of Tabriz University of Medical Sciences and written parental consent was obtained for each study participant during the study.

Physical examination, laboratory and imaging studies were performed in all cholestatic neonates. Final diagnosis was made according to imaging studies, laboratory and pathology findings. Based on the results of final diagnosis, neonates were divided into two groups (\[EHBA; *n* = 18\] and INH \[*n* = 12\]). Along with other laboratory evaluations, ASMA levels were also measured. Fasting blood samples were obtained via venous puncture on the 1^st^ day of admission. Samples were centrifuged within 30 min of collection and the serum was stored at −70°C before analysis for determination of ASMA. The IIF test is used for the detection of human antibody to the antigens of smooth muscle. For determination of ASMA level in patients, Euroimmun kit (FA 1710-1003) was used.

SPSS for (windows version 13) was used for all statistical analysis. Data are expressed as mean ± standard deviation or number (%) as appropriate. Student\'s *t*-test for evaluating the significance of mean for independent continuous scale data and Mann-Whitney U-test for nonparametric data, where appropriate, and Chi-square test or Fisher exact test for testing the significance of percentages were used. *P* ≤ 0.05 was considered as significant. Diagnostic validity of ASMA, GGT and ALP was compared with the results of final diagnosis using receiver operating characteristics (ROC) curves and the best cut-off value was calculated for ASMA. Then, sensitivity, specificity, positive and negative predictive values (PPV and NPV) were calculated for this cut-off.

RESULTS {#sec1-3}
=======

Thirty neonates with a mean age of 54.66 ± 25.86 days suffering from jaundice were evaluated in this study. Final diagnosis was made according to imaging studies, laboratory, surgery and pathological findings; 18 of 30 patients were defined to have EHBA and other 12 patients had INH.

HIDA scan was performed in all patients and results were indicative of EHBA in 26 (86.7%), suspected atresia in 1 (3.3%) and no atresia in 3 (10%). Only 20 patients underwent cholangiography before surgery, which showed atresia in 13 (65%). Pathologic findings showed EHBA in 16 (64%) and neonatal hepatitis in 8 (40%) of 24 patients who had liver biopsy. The missing cases are due to the disagreement of parents for further imaging or invasive evaluations. Nine patients with EHBA underwent Kasai portoenterostomy, and 8 of them were candidates for liver transplantation because of liver cirrhosis.

Baseline and laboratory findings between patients with EHBA and INH are shown in Tables [1](#T1){ref-type="table"} and [2](#T2){ref-type="table"}, respectively. Total and direct bilirubin, serum glutamic oxaloacetic transaminase (SGOT), serum glutamic pyruvic transaminase (SGPT) and ASMA titres were higher in patients with INH, but this difference was not statistically significant \[[Table 2](#T2){ref-type="table"}\]. Only GGT and ALP had statistically significant differences and were higher in patients with EHBA \[[Table 2](#T2){ref-type="table"}\]. We did not find any correlation between the ASMA titre and the other laboratory findings.

###### 

Baseline findings between patients with extrahepatic biliary atresia and neonatal hepatitis

  Variable                      Extra hepatic biliary atresia   Neonatal Hepatitis   *P* value
  ----------------------------- ------------------------------- -------------------- -----------
  Gender (male)                 8 (44.4%)                       9 (75%)              0.09
  Age at biopsy/surgery         58.72 (20.71)                   48.58 (32.15)        0.34
  Age at jaundice onset (day)   5.66 (2.66)                     5.08 (4.25)          0.84
  Weight at admission grams)    4266.66 (1273.20)               3420.00 (1140.46)    0.69
  Related parents               5 (27.8%)                       7 (58.3%)            0.09
  Acholic stool                 17 (94.4%)                      10 (83.3%)           0.32
  Positive cord sign            4 (22.2%)                       1 (8.3%)             0.31

###### 

Laboratory findings between patients with extrahepatic biliary atresia and Neonatal Hepatitis

  Variable                             Extra hepatic biliary atresia   Neonatal hepatitis   *P* value
  ------------------------------------ ------------------------------- -------------------- -----------
  Total bilirubin (mg/dl)              12.29 (4.97)                    13.24 (5.36)         0.63
  Direct bilirubin (mg/dl)             6.71 (2.70)                     8.19 (3.3.18)        0.20
  SGOT (U/l)                           274.88 (207.63)                 365.75 (582.36)      0.61
  SGPT (U/l)                           163.83 (124.13)                 208.00 (288.02)      0.62
  ALP (U/l)                            1784.66 (683.73)                1119.00 (717.70)     0.01\*
  Gammaglutamyl transpeptidase (U/l)   583.88 (445.40)                 231.74 (204.36)      0.008\*
  PT                                   21.58 (31.82)                   13.27 (1.80)         0.28
  PTT                                  40.33 (13.41)                   35.83 (8.1)          0.26
  Albumin (g/dl)                       3.65 (0.49)                     3.96 (0.52)          0.11
  SMA (ng/ml)                          0.89 (0.48)                     1.42 (0.88)          0.07

Anti-smooth muscles antibody levels were between 0.016 ± 1.9 and 0.37 ± 3.60 in patients with EHBA and INH, respectively. ROC curve analysis was used to define thresholds of ASMA, GGT and ALP for differentiating between EHBA and INH \[Figures [1](#F1){ref-type="fig"}-[3](#F3){ref-type="fig"}\]. Area under the curve was 0.78 (confidence interval \[CI\] 95% \[0.51-0.9\], *P* = 0.05) with cut-point \<0.915 ng/ml for ASMA, 0.78 (CI 95% \[0.58-0.95\], *P* = 0.01) with cut-point \>1332 U/I for ALP and 0.78 (CI 95% \[0.6-0.96\], *P* = 0.01) with cut-point \>218.5 U/I \[Figures [1](#F1){ref-type="fig"}--[3](#F3){ref-type="fig"}\].
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The sensitivity, specificity, PPV, NPV, accuracy, LR+ and LR-- of SMA in differentiating cases with BA were 66.7%, 75%, 80%, 60%, 70%, 2.68 and 0.44, respectively. For GGT, the values were 88.9%, 66.7%, 80%, 80%, 79.1%, 3.08 and 0.31, respectively. Finally, for ALP, the values were 77.8%, 75%, 82.4%, 69.2%, 80%, 2.66 and 0.24, respectively.

DISCUSSION {#sec1-4}
==========

INH and EHBA are the major causes of NC. EHBA must be managed operatively as soon as possible, while the preferred treatment of INH is medical.\[[@ref27][@ref28][@ref29]\] Late referral of cholestatic neonates is one of the main problems of these patients, especially in developing countries.\[[@ref30]\] In our study, the median age of neonates that refer with cholestasis was 54.66 ± 25.86 days (9-113 days). The need for a wide range of tests to determine the cause of cholestasis in these patients leads to a loss of the golden time for Kasai portoenterostomy (60-100 days) and reduces longevity of the native liver and increases morbidity.\[[@ref10][@ref11][@ref12]\] Our results showed that 9 of 18 neonates with EHBA underwent Kasai portoenterostomy, and among them, 8 were candidates for liver transplantation because of liver cirrhosis due to late referral and late diagnosis. Differentiating EHBA from other causes of cholestatic jaundice for on-time portoenterostomy and prevention of fatal consequences of EHBA is very critical.\[[@ref31][@ref32]\]

Dehghani *et al*., showed that SGOT, SGPT, ALP and GGT were significantly increased in BA group,\[[@ref33]\] but in the study by Chu *et al*. the difference in the mean ALT, AST and ALP values between INH and BA patients was not significant.\[[@ref34]\] In our study, patients with INH had higher titres of total and direct bilirubin, SGOT, SGPT and albumin, and in the other group, (EHBA), GGT, ALP, prothrombin time and partial thromboplastin time were higher, but significant differences were only observed in GGT and ALP. The sensitivity and specificity of GGT for diagnosis of BA in our study were 88.9% and 66.7%, respectively, but the results of Lai *et al*.\[[@ref35]\] were different (sensitivity 51.6% and specificity 82.2%); however, the results of Chu *et al*.\[[@ref33]\] were similar to those from our study (sensitivity 82.1% and specificity 79.3%). In another study that was performed by Dehghani, the values for liver enzymes tests were 68.4% and 43.5%, respectively.\[[@ref34]\]

Many studies have evaluated the diagnostic validity of laboratory, imaging, surgical and pathological investigations in the differentiation of EHBA from other cases of cholestasis. In the study by Dehghani *et al*., liver biopsy with 96.6% accuracy and clinical investigation by an experienced paediatric hepatologist with 70.8% accuracy were the most reliable methods.\[[@ref33]\] In another study that was performed in India, the accuracy rate for percutaneous liver biopsy was 88.2%.\[[@ref36]\] PPV for positive triangular cord sign in combination with abnormal gallbladder findings was 98% in the study by Takamizawa *et al*.\[[@ref37]\] and 92% by Nemati *et al*.\[[@ref25]\] The diagnostic accuracy of hepatobiliary scintigraphy (HBS) single photon emission computer tomography, magnetic resonance cholangiography (MRCP) and HBS were 91.30%, 71.01% and 66.7%, respectively.\[[@ref38]\] Motamed *et al*.\[[@ref39]\] showed 60% diagnostic accuracy rate of HIDA scan for BA in their study. Conjugated bilirubin \>2.5 mg/dl, GGT \>150 U/L, excretion on HIDA, or a normal percutaneous cholangiogram were 100% sensitive for the exclusion of BA as demonstrated by Jancelewicz *et al*. In this study, clinical variables and ultrasound had low specificity and sensitivity. For liver biopsy, reported sensitivity and specificity were 98% and 84%, respectively.\[[@ref40]\] Apolipoprotein E and procalcitonin were 67% sensitive (specificity: 61% and 67%, respectively) for diagnosis of BA as shown by Rafeey *et al*.\[[@ref24]\] Evaluation of the blood levels of nitric oxide (NO) for the differentiation of BA and INH was performed in a recent study, which showed that the NO levels were significantly higher in patients with EHBA.\[[@ref41]\]

Smooth muscle auto-antibody (SMA) is one of the serological markers of autoimmune form of hepatitis. It is present also in the sera of most cases of acute infection hepatitis.\[[@ref20]\] Some studies have shown diagnostic accuracy and elevated level of SMA in patients with AIH and chronic abstractive pulmonary disease.\[[@ref23][@ref42][@ref43]\]

In this study, we evaluated the diagnostic accuracy of ASMA in the diagnosis of EHBA and INH, and according to our results, the sensitivity, specificity, PPV, NPV and accuracy of SMA in differentiating cases with BA were 66.7%, 75%, 80%, 60% and 70%, respectively. Compared with the accuracy rates of invasive procedures (MRCP \[71.1%\], HBS \[66.7%\], HIDA scan \[60%\] and ultrasonography \[69.2%\]),\[[@ref33][@ref38][@ref39]\] ASMA may be a useful marker for the differentiation of EHBA from INH.

CONCLUSION {#sec1-5}
==========

EHBA and INH are the two common cases of NC. Because of the importance of early diagnosis of these two entities for timely intervention, we evaluated the diagnostic value of ASMA titres in the patients. Medium sensitivity and NPV, and good specificity, PPV and accuracy of ASMA in differentiating cases with EHBA and INH showed that this marker may be a useful biomarker for differentiation of EHBA from INH. Further studies with larger samples are recommended for confirming the results of this study.
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